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EHKDYLRU 7KHVH HQJLQHHUHG PDWHULDOV VRFDOOHG PHWDPDWHULDOV SUHVHQW GLIIHUHQW IHDWXUHV $ FODVV RI DX[HWLF
PHWDPDWHULDOV ZLWKKLJKSRURVLW\ DUHFKDUDFWHUL]HGE\D ODWWLFHPLFURVWUXFWXUHZKHUHQHJDWLYH3RLVVRQ¶V UDWLR LV
DFKLHYHGE\D ODWWLFHJHRPHWU\ZLWKHLWKHU UHHQWUDQWFRUQHUV >@RUFKLUDO VWUXFWXUH >@2Q WKHRWKHUKDQGDX[HWLF
EHKDYLRUFDQEHDOVRREWDLQHGE\LQWURGXFLQJLQWKHKRVWLQJEXONPDWHULDOSHULRGLFDUUD\VRIKROHVZLWKDORZSRURVLW\
OHYHO>@
,Q WKH SUHVHQW SDSHU WKH JHRPHWULFDOO\ QRQOLQHDU GHIRUPDWLRQ EHKDYLRU XS WR IDLOXUH RI D KLJK SRURVLW\
PHWDPDWHULDO LV H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ LQYHVWLJDWHG ,Q SDUWLFXODU D ODWWLFHPLFURVWUXFWXUHZLWK UHHQWUDQW
FRUQHUV IDEULFDWHG XVLQJ ' SULQWLQJZLWK SRO\ODFWLF DFLG LV H[SORUHG $ WKURXJKPHDVXUHPHQW RI WKH QRQOLQHDU
VWUDLQ ILHOG LV SHUIRUPHG XVLQJ VRPH GLJLWDO LPDJH WHFKQLTXHV 7KH PDLQ SDUDPHWHUV DIIHFWLQJ WKH GHIRUPDWLRQ
EHKDYLRXUDUHKLJKOLJKWHG
$QDX[HWLFPDWHULDOZLWKUHHQWUDQWODWWLFHVWUXFWXUH
,Q WKH SUHVHQW VWXG\ D ODWWLFHOLNH ' DX[HWLF VKHHW LV FRQVLGHUHG LWV XQLW FHOO LV FKDUDFWHULVHG E\ D UHHQWUDQW
GRXEOHDUURZVKDSHDVVKRZQLQ)LJ
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ZKHUH [ \O  O DUH WKH UHIHUHQFH OHQJWKVRI WKHFHOO LH [ O F LQ[GLUHFWLRQZKLOH \ \O O   LQ\GLUHFWLRQ7KH
GHIRUPDELOLW\RIWKHHOHPHQWDU\FHOOFDQEHGHWHUPLQHGE\LQWURGXFLQJVRPHK\SRWKHVHVWKDWFDQWKHQEHUHOD[HGWR
JHWDEHWWHUDFFXUDF\RIWKHPRGHO
,Q D ILUVW DWWHPSW E\ DVVXPLQJ WKDW WKH HOHPHQWV RI WKH FHOO EHKDYH DV ULJLG WUXVVHV LWVPRWLRQ FDQEH VWXGLHG
WKURXJK D WULYLDO NLQHPDWLF DQDO\VLV XQGHU VPDOO GLVSODFHPHQWV FRQGLWLRQ$FFRUGLQJO\ WKH 3RLVVRQ¶V UDWLR IRU DQ
HOHPHQWDU\FHOOLVGHILQHGDV
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WKDWLVLWGHSHQGVRQO\RQWKHJHRPHWULFDOSURSHUWLHVRIWKHFHOOVXPPDULVHGE\WKHWZRDQJOHV  Į ȕ 7KHYDULDWLRQ
RI WKH3RLVVRQ¶V UDWLR DV D IXQFWLRQRI WKH FHOO JHRPHWU\ LV LOOXVWUDWHG LQ)LJ  QRWH WKDW WKH UHODWLYH VL]H RI WKH
HOHPHPWDU\ FHOO GHILQHGDV WKH UDWLREHWZHHQD UHIHUHQFH OHQJWK DQG WKHZLGWKRI WKH ODWWLFH HOHPHQWV HJ D  V
ZKHUHV ZLGWKRIWKHODWWLFHHOHPHQWVGRHVQRWLQIOXHQFHWKHVHNLQHPDWLFDQDO\VLVUHVXOWV,WFDQEHREVHUYHGWKDW
LUUHVSHFWLYHO\ RI WKH DQJOH Į  WKH 3RLVVRQ¶V UDWLR LV QHJDWLYH IRU ȕ  q DQG WHQGV WR XQOLPLWHG YDOXHV ZKHQ
 E o ,W LVZRUWKQRWLFLQJWKDW(TFDQEHDSSOLHGWRDJHQHUDOFXUUHQWFRQILJXUDWLRQRI WKHHOHPHQWDU\FHOO
XQGHUPRWLRQ ,Q VXFK FDVHV WKH DQJOHV  Į ȕ  KDYH WR EH UHJDUGHG DV WKH FXUUHQW LQFOLQDWLRQ DQJOHV RI WKH FHOO
HOHPHQWV DQG WKH 3RLVVRQ¶V UDWLR DV WKH WDQJHQW YDOXH UHODWHG WR WKH WDQJHQW GLVSODFHPHQW YHFWRU RI WKH FXUUHQW
FRQILJXUDWLRQ QRWH WKDW LQ WKLV FDVH WKH UHIHUHQFH OHQJWKV DSSHDULQJ LQ (T  DUH WKRVH UHODWHG WR WKH FXUUHQW
FRQILJXUDWLRQ
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$Q LPSURYHPHQW RI WKH DERYH NLQHPDWLF DSSURDFK FDQ EH LQWURGXFHG E\ DGRSWLQJ IRU WKH HOHPHQWDU\ FHOO D
VWDWLFDOO\ LQGHWHUPLQDWH VWUXFWXUDO VFKHPH ZKLFK DFFRXQWV IRU LWV GHIRUPDWLRQ 'XH WR WKH SHULRGLF V\PPHWU\
FRQGLWLRQV DULVLQJ ZKHQ VHYHUDO FHOOV DUH DVVHPEOHG WRJHWKHU VRPH URWDWLRQ FRQVWUDLQWV FDQ EH LPSRVHG 7KH
UHVXOWLQJ PHFKDQLFDO V\VWHP FDQ EH PRGHOOHG DV D VWDWLFDOO\ XQGHWHUPLQHG IUDPHG VWUXFWXUH XQGHU D SUHVFULEHG
KRUL]RQWDOGLVSODFHPHQWDWRQHRILWVQRGHV%\ZULWLQJWKHVWLIIQHVVPDWUL[DFFRUGLQJWRWKHFODVVLFDO(XOHU%HUQRXOOL
EHDPIRUPXODWLRQWKHYHFWRURIWKHXQNQRZQVRILQWHUHVWFDQEHH[SOLFLWO\ZULWWHQDV
413 Andrea Spagnoli et al. /  Procedia Engineering  109 ( 2015 )  410 – 417 
   
   
      
   
   
      
   
   
    
    
    
B
B
B
EA EI EA EI EA EI EA EId c f e cd cd ef ef
a b a ba b a b
u
EA EI EA EI EA EI EA EIv cd cd ef ef c d e f
a b a ba b a bQ
EI EI EI EIc e d f
a b a b
I
ª º
     « »
« »­ ½ « »° ° « »      ® ¾
«° °
«¯ ¿
«   
«¬ ¼

 

 

 





A
EA EIf e
b b
EA EIef ef u
b b
EI e
b


»
»
»
»
­ ½
° °
° °
° °° °  ® ¾
° °
° °
° °
° °¯ ¿


ZKHUH VLQc D  FRVd D  VLQe E  FRVf E  A s LV WKH DUHD RI WKH EHDP FURVVVHFWLRQ
 I s LV
WKHPRPHQWRI LQHUWLDORI WKHEHDPFURVVVHFWLRQDXQLW WKLFNQHVV LVFRQVLGHUHG E LV WKH<RXQJPRGXOXVRI WKH
PDWHULDO BQ I LV WKH UHDFWLRQ PRPHQW DW QRGH % 7KH UDWLR  B Av u FRUUHVSRQGV WR WKH 3RLVVRQ¶V UDWLR RI WKH
HOHPHQWDU\FHOO
%\FRQVLGHULQJDVTXDUHFHOOIURPQRZRQZDUGV WDQĮ  WKH3RLVVRQ¶VUDWLRGHSHQGVRQO\RQWKHDQJOH E 
DQGRQDUHODWLYHVWLIIQHVVSDUDPHWHUGHILQHGDV a bK KN  ZKHUH aK EA a DQG

bK EI a LHRQWKHUDWLR
EHWZHHQWKHD[LDODQGWKHEHQGLQJVWLIIQHVVRIWKHEHDPHOHPHQWVFRPSRVLQJWKHODWWLFHFHOO$IWHUVRPHVLPSOHEXW
WHGLRXVDOJHDEULFPDQLSXODWLRQVWKHIROORZLQJH[SUHVVLRQIRUWKH3RLVVRQ¶VUDWLRRIWKHFHOOFDQEHREWDLQHG


   
 
  
      
 FRW 
     
I AI AB
A I AI A
c f f fv
l u g g g
E N E N EQ E
E N E N E
   
    
   
    

ZKHUH                 I AI A I AI Af f f g g gE E E E E E DUHNQRZQIXQFWLRQVRIWKHLQFOLQDWLRQDQJOH ȕ 
,Q WKH FDVH RI EHDP HOHPHQWV FRQVWLWXWLQJ WKH FHOOZLWK DQ D[LDO VWLIIQHVVPXFK JUHDWHU WKDQ WKH EHQGLQJ RQH
N o f (TUHGXFHVWRWKHH[SUHVVLRQFRQVLGHUHGLQ(T7KHDERYHH[SUHVVLRQFDQEHUHZULWWHQE\XVLQJ
D UHODWLYH GHQVLW\ SDUDPHWHU Uȡ  GHILQHG DV WKH UDWLR EHWZHHQ WKH EXON GHQVLW\ RI WKHPDWHULDO DQG WKH WKHRUHWLFDO
GHQVLW\RIWKHVROLGSKDVH6XFKDSDUDPHWHUFDQEHFDOFXODWHGZLWKDILUVWRUGHUDSSUR[LPDWLRQLHE\QHJOHFWLQJ
WKHRYHUODSSHGDUHDDWWKHODWWLFHQRGHVDVWKHUDWLREHWZHHQWKHDUHDRFFXSLHGE\WKHPDWHULDODQGWKHZKROHDUHDRI
WKHDX[HWLFFHOODQGLWLVWKHFRPSOHQWWRXQLW\RIWKHSRURVLW\ ĳ QDPHO\
  


 r
a b s
c l
U M

    
7KHSDUDPHWHU ț FDQEHH[SUHVVHGDVDIXQFWLRQRI Uȡ WKDWLV
 

r
T E
N
U
 ሺ͹ሻ
ZKHUH 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,QWKHFDVHRIODUJHGHIRUPDWLRQNLQHPDWLFDQDO\VLVWKHGHILQLWLRQRIWKH3RLVVRQ¶VUDWLRLVWZRIROGVGHSHQGLQJRQ
WKH VWUDLQ PHDVXUHPHQWV $ QRPLQDO 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 3RLVVRQ¶V UDWLR FDQ EH GHILQHG E\ FRQVLGHULQJ (T  ZKHUH WKH
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2QWKHRWKHUKDQGLIRQHFRQVLGHUVLQ(T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WKHUHIHUHQFHFRQILJXUDWLRQ WKH LQFUHPHQWDOVWUDLQV [įİ DQG \įİ FDQ LQ WXUQEHFDOFXODWHGDQGD WDQJHQW3RLVVRQ¶V
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,W LV ZRUWK QRWLFLQJ WKDW (T  UHSUHVHQWV WKH ILUVW GHULYDWLYH RI WKH IXQFWLRQ  \ \ [İ İ İ  ,I WKH WDQJHQW
3RLVVRQ¶VUDWLRLVFDOFXODWHGIRU [İ o LHIRUWKHLQWLDOUHIHUHQFHFRQILJXUDWLRQ(TFRLQFLGHVZLWK(T
$FFRUGLQJ WR WKH DERYH H[SUHVVLRQ LQ)LJ  WKH WDQJHQW DQGQRPLQDO YDOXHVRI WKH3RLVVRQ¶V UDWLR DJDLQVW WKH
ORQJLWXGLQDOGHIRUPDWLRQLQ[GLUHFWLRQDUHSORWWHGIRUWKHFDVHRIDVTXDUHFHOOZLWK ȕ  q 
)LQDOO\E\UHPRYLQJDOOWKHDERYHVLPSOLILFDWLYHK\SRWKHVHVWKHHOHPHQWDU\FHOOLVVWXGLHGDVDIUDPHGVWUXFWXUH
VHH)LJDXQGHUDJHRPHWULFDOO\QRQOLQHDUODUJHGLVSODFHPHQWVDQDO\VLVFRQVLGHULQJWKHDFWXDOD[LDODQGEHQGLQJ
VWLIIQHVVRIWKHFHOOHOHPHQWV'XHWRWKHFRPSOH[LW\RIWKHDERYHGHILQHGSUREOHPD)LQLWH(OHPHQW)(VROXWLRQ
FDQEHFRQYHQLHQWO\DGRSWHG
([SHULPHQWDOWHVWV
,Q RUGHU WR YHULI\ WKH DX[HWLF SURSHUW\ RI D PHWDPDWHULDO FRQVWLWXWHG E\ WKH DVVHPEO\ RI UHSHDWHG HOHPHQWDU\
DUURZVKDSHG FHOOV DV GHVFULEHG DERYH VRPH H[SHULPHQWDO WHVWV KDYH EHHQ SHUIRUPHG RQ ' SODWHV $ VLPSOH
PHFKDQLFDO WHVWLQJ PDFKLQH LV XVHG WR VWXG\ WKH H[SHULPHQWDO EHKDYLRXU RI WKH DX[HWLF VKHHW XQGHU LPSRVHG
GLVSODFHPHQWV
7KHDX[HWLFVSHFLPHQVKDYHEHHQREWDLQHGE\DVVHPEOLQJWZRGLIIHUHQWHOHPHQWDU\VTXDUHFHOOV)LJWKDWDUH
FKDUDFWHULVHGE\DUHIHUHQFHOHQJWKRIWKHLUHGJHVHTXDOWRVDPSOH$DQGPPVDPSOH%7KHWZRVDPSOHV$
DQG%DUHUHODWHGWRDUHODWLYHGHQVLW\ Uȡ VHH(THTXDOWRDQGUHVSHFWLYHO\$'SULQWHUEDVHGRQ
WKHVRFDOOHG)))WHFKQRORJ\LVXVHGWRSURGXFHWKHVSHFLPHQVPDGHRISRO\ODFWLFDFLGSRO\PHU3/$7KHPDLQ
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IHDWXUHVRIWKHSULQWLQJSURFHVVDUHSULQWLQJWHPSHUDWXUHRI&SULQWLQJVSHHGHTXDOWRPPVWKLFNQHVVRIWKH
VLQJOHSULQWHGOD\HUWKLFNQHVVHTXDOWRPPQR]]OHGLDPHWHURIPP

   
/RQJLWXGLQDOGHIRUPDWLRQHx>@
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)LJ7DQJHQWDQGQRPLQDOYDOXHVRIWKH3RLVVRQ¶VUDWLRYVWKHORQJLWXGLQDOGHIRUPDWLRQIRUWKHFDVHRIDVTXDUHFHOOZLWK ȕ  q 

$OO WKHQRGHV ORFDWHG DORQJ WKHERXQGDU\RQ WKH ULJKW KDQG VLGHRI WKH SODWH DUH VXEMHFWHG WR DPRQRWRQLFDOO\
LQFUHDVLQJ ORQJLWXGLQDODORQJ WKH[GLUHFWLRQGLVSODFHPHQWPHDVXUHG WKURXJKDPLFURPHWHUZLWKDSUHFLVLRQ
P$ IXOOPDS RI GHIRUPHG VKDSH RI WKH SODWH LV HYDOXDWHG WKURXJK D SKRWRJUDSKLF WHFKQLTXH E\ TXDQWLI\LQJ WKH
DREVROXWHGLVSODFHPHQWVRIWKHQRGHVRIWKHODWWLFHVWUXFWXUHWKURXJKKLJKUHVROXWLRQSLFWXUHVWDNHQDWJLYHQLQWHUYDOV
RIWKHDSSOLHGGHIRUPDWLRQ
7KH GHIRUPDWLRQPDSV LQ WKH VSHFLPHQV DW GLIIHUHQW GHIRUPDWLRQ VWHSV DUH REWDLQHG RQ WKH EDVLV RI WKH QRGDO
GLVSODFHPHQWV PHDVXUHG WKURXJK SKRWRJUDSKLF WHFKQLTXH 6XFK GLVSODFHPHQWV DUH LQWHUSRODWHG WKURXJK FODVVLFDO
ELOLQHDU VKDSH IXQFWLRQV UHIHUUHG WRDEDFNJURXQG UHFWDQJXODUFHOO IUDPHZRUN LQRUGHU WRJHW WKH VWUDLQ ILHOG LQD
FRQWLQXRXVHTXLYDOHQWSODWH7KHQRGDOGLVSODFHPHQWVDUHHYDOXDWHGZLWKUHVSHFWWRWKHLULQLWLDOXQGHIRUPHGSRVLWLRQ
ZKLOHDQLQWHULRUUHJLRQRIWKHSODWHLVDGRSWHGIRUWKHQXPHULFDOHYDOXDWLRQRIWKHVWUDLQV
7KHPDSRIWKHORFDOYDOXHVRIWKH3RLVVRQ¶VUDWLRREWDLQHGE\XVLQJ(TLVLOOXVWUDWHGDWGLIIHUHQWGHIRUPDWLRQ
OHYHOV,Q)LJWKHFRQWRXUPDSRIWKH3RLVVRQ¶VUDWLRIRUWKHVDPSOH$LVGLVSOD\HGIRUDQLQFUHDVLQJYDOXHRIWKH
DSSOLHGORQJLWXGLQDOVWUDLQ,WFDQEHQRWHGDVWKH3RLVVRQ¶VFRHIILFLHQWWHQGVWRDWWDLQDQHDUO\XQLIRUPGLVWULEXWLRQ
LQVLGHWKHSODWHZLWKDYDOXHWKDWLVHTXDOWRDERXW
'LVFXVVLRQ
,QRUGHUWRDVVHVVIRUWKHVXLWDELOLW\RI)(PRGHOVIRUWKHDX[HWLFSODWHVXQGHUVWXG\VRPHJHRPHWULFDOO\QRQOLQHDU
QXPHULFDO DQDO\VHV DUH FDUULHG RXW )LJ  ,Q RUGHU WR WDNH LQWR DFFRXQW IRU WKH ILQLWH VL]H RI WKH QRGHV RI WKH
DQDO\VHGVSHFLPHQVDSURSHUULJLGOLQNRSWLRQLVLQWURGXFHGLQWKH)(PRGHOV)LJE
$VLOOXVWUDWHGLQ)LJIRUERWKWKHWZRVDPSOHVWKHDYHUDJH3RLVVRQ¶VUDWLRREWDLQHGIURPQXPHULFDODQDO\VHVLV
ORZHUDERXWWRWKDQWKHFRUUHVSRQGLQJH[SHULPHQWDORQHXQOHVVWKHHIIHFWRIWKHILQLWHQRGHVL]HLVSURSHUO\
DFFRXQWHG IRU 7KLV FRUUHFWLRQ HQDEOHV WR HVWLPDWH WKH 3RLVVRQ¶V UDWLR ZLWK D JRRG DFFXUDF\ FRPSDUHG ZLWK WKH
H[SHULPHQWDOO\GHWHUPLQHGYDOXHV

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 
D  E
)LJ6SHFLPHQVRIDX[HWLFSODWHZLWKHOHPHQWDU\VTXDUHFHOOVVNHFWKHVRIWKHHOHPHQWDU\FHOODQGSLFWXUHVRIWKHDVVHPEOHGSODWHZLWKGHWDLOVRI
WKHJULSSLQJV\VWHPFDVHRIFHOOOHQJWKHTXDOWRPPVDPSOH$DDQGPPVDPSOH%E$OOGLPHQVLRQVDUHJLYHQLQPP


)LJ&RQWRXUPDSVRIWKH3RLVVRQ¶VUDWLRIRUIRXUGLIIHUHQWOHYHOVRIWKHDSSOLHGORQJLWXGLQDOVWUDLQ        [İ  D   E   F   G 
LQWKHVDPSOH$
&RQFOXVLRQV
6RFDOOHGPHWDPDWHULDOV LH HQJLQHHUHGPDWHULDOV KDYLQJ SDUWLFXODU DQG XQXVXDO SURSHUWLHV REWDLQHG WKDQNV WR
WKHLUVWUXFWXUHUDWKHUWKDQFRPSRVLWLRQKDYHJDLQHGDZLGHSRSXODULW\LQWKHODVWGHFDGHV,QWKLVFRQWH[WDFODVVRI
PDWHULDOVNQRZQDVDX[HWLFDUHRISDUWLFXODULQWHUHVWGXHWRWKHLUQHJDWLYHYDOXHVRIWKH3RLVVRQ¶VUDWLR7KLVHQDEOHV
WRSURGXFHVWUXFWXUDOFRPSRQHQWVZLWKLQFRPSDULVRQWRWUDGLWLRQDOFRXWHUSDUWVVXSHULRUSURSHUWLHVKLJKWRXJKQHVV
UHVLOLHQFHVKHDUUHVLVWDQFH LQGHQWDWLRQUHVLVWDQFH LPSURYHGIUDFWXUH WRXJKQHVVDQGSDUWLFXODUYLEUDWLRQDEVRUSWLRQ
DQGDFRXVWLFSURSHUWLHVZKLFKFDQEHH[SORWHGLQDZLGHUDQJHRIDSSOLFDWLRQVELRPHGLFDODHURVSDFHDXWRPRWLYH
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HWF ,Q WKH SUHVHQW SDSHU D WZR GLPHQVLRQDO DX[HWLF HOHPHQWDU\ FHOO XVHG WR REDWDLQ ' VKHHWV E\ LWV UHSHWLWLYH
DVVHPEO\ LV VWXGLHG WKHRUHWLFDOO\ H[SHULPHQWDOO\ DQG QXPHULFDOO\ 7KH GHIRUPDELOLW\ EHKDYLRXU RI VXFK DX[HWLF
SODWHVLVLQYHVWLJDWHGDQGWKHGLIIHUHQWDSSURDFKHVWRLWVFKDUDFWHUL]DWLRQDUHFULWLFDOO\FRPSDUHGDQGGLVFXVVHG

D E 
)LJ)(EHDPPRGHORIWKHRIWKHDX[HWLFFHOOVE\FRQVLGHULQJULJLGQRGHIHDWXUHVDGHWDLORIWKHULJLGSDUWVRIWKHXQLWFHOOEGLPHQVLRQVLQ
PP
    
/RQJLWXGLQDOGHIRUPDWLRQHx >@
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
)LJ&RPSDULVRQRIWKHH[SHULPHQWDODQG)(3RLVVRQ¶VUDWLRIRUWKHVDPSOH$DDQG%EYVWKHDSSOLHGORQJLWXGLQDOGHIRUPDWLRQZLWKDQG
ZLWKRXWFRQVLGHULQJULJLGQRGHIHDWXUHVLQWKH)(DQDO\VHV
5HIHUHQFHV
>@ 56/DNHV)RDPVWUXFWXUHVZLWKDQHJDWLYH3RLVVRQ
VUDWLR6FLHQFH
>@ .((YDQV$X[HWLFSRO\PHUVDQHZUDQJHRIPDWHULDOVGRL6
>@ .((YDQV./$OGHUVRQ$X[HWLFPDWHULDOVWKHSRVLWLYHVLGHRIEHLQJQHJDWLYH(QJQJ6FL(GX-±
>@ ($)ULLV56/DNHV-%3DUN1HJDWLYH3RLVVRQµVUDWLRSRO\PHULFDQGPHWDOOLFPDWHULDOV-0DWHU6FL
>@ *1*UHDYHV$/*UHHU56/DNHV75RX[HO3RLVVRQ¶VUDWLRDQGPRGHUQPDWHULDOV1DWXUH0DWHULDOV
>@ -1*ULPD$$OGHUVRQ.((YDQV$QDOWHUQDWLYHH[SODQDWLRQIRUWKHQHJDWLYH3RLVVRQ¶VUDWLRVLQDX[HWLFIRDPV-3K\V6RFRI-DSDQ

>@ -%&KRL56 /DNHV )UDFWXUH WRXJKQHVV RI UHHQWUDQW IRDPPDWHULDOVZLWK D QHJDWLYH 3RLVVRQ¶V UDWLR H[SHULPHQW DQG DQDO\VLV ,QW -
)UDFWXUH±
>@ '3UDOO56/DNHV3URSHUWLHVRID&KLUDOKRQH\FRPEZLWK3RLVVRQ¶VUDWLRRI,QW-RI0HFK6FL
>@ 0 7D\ORU / )UDQFHVFRQL0 *HUHQGDV $ 6KDQLDQ& &DUVRQ. %HUWROGL/RZ 3RURVLW\ 0HWDOOLF 3HULRGLF 6WUXFWXUHV ZLWK
1HJDWLYH3RLVVRQ¶V5DWLR$GY0DWHU'2,DGPD
